Objectives Advanced oral cancer is a major public health concern because of a lack of effective prevention and treatment. Triptolide (TPL), a diterpenoid triepoxide derived from the Chinese herb Tripterygium wilfordii, has been demonstrated to possess strong anticancer properties. In this study, we investigated whether TPL exerts anticancer effects on the tumor microenvironment of head and neck squamous cell carcinoma (HNSCC). Materials and methods Human macrophage-like U937 cells were co-inoculated with oral cancer SAS cells in a noncontact transwell coculture system. Cytokine expression was detected using ELISA, and cell proliferation was detected using methylene blue. RNA levels were detected using qPCR. Protein levels were detected using Western blot analysis. In vivo experiments involved using xenografted NOD/SCID mice. Results Our results demonstrated that TPL inhibited the growth of SAS cells co-inoculated with U937 cells in vitro and in vivo. TPL inhibited the invasion, migration ability, and angiogenesis of SAS cells co-inoculated with U937 cells. Expression of cytokines IL-6, IL-8, and TNF-α was induced by co-inoculation, but TPL repressed their expression. Conclusion TPL suppressed the expression of cytokines IL-6, IL-8, and TNF-α, as well as tumor growth, invasion, migration, and angiogenesis in the co-inoculation of human tongue cancer cells with macrophage-like U937 cells. Clinical relevance TPL is a potential candidate among novel chemotherapeutic agents or adjuvants for modulating tumorassociated macrophages in a tumor microenvironment of HNSCC.
Introduction
Oral squamous cell carcinoma (OSQCC), the most common of oral malignancies, is a type of head and neck squamous cell carcinoma (HNSCC), which is the sixth most prevalent malignancy worldwide and the third most common cancer in developing countries [1] [2] [3] [4] [5] . Concurrent chemoradiotherapy has exhibited efficacy for organ preservation in head and neck cancer, but has resulted in limited improvement in survival rates. Discovering potential therapeutic drugs for advanced oral cancer is thus paramount.
Macrophages are widely distributed in the body, being produced by the differentiation of monocytes in tissues. Macrophages participate in both innate and adaptive immunity of vertebrate animals. In cancer patients, macrophages are often observed to infiltrate the extracellular space around cancer cells and are designated as tumor-associated macrophages (TAMs) [6, 7] . A study revealed that the increase in TAMs in patients suffering from head and neck cancer is associated with an increase in histopathological grades and tumor angiogenesis [8] .
Triptolide (TPL, C 20 H 24 O 6 , Fig 1a) , a diterpenoid triepoxide derived from the Chinese herb Tripterygium wilfordii, exerts effects against oral cancer [9] . Moreover, TPL exerts anticancer effects on multidrug-resistant KB-7D and KB-tax cells that overexpress multidrug resistanceassociated protein (MRP), and the therapeutic effect of TPL can be enhanced by combining it with 5-fluorouracil (5-FU) [10] . Furthermore, we previously demonstrated that TPL represses HER2 and suppresses the downstream PI3K/Aktsignaling pathway [11] . Recently, we determined that TPL combined with ionizing radiation treatment exerted synergistic antitumor effects, particularly in vivo, and might be a promising combined therapy for advanced oral cancer [12] .
In the present study, we demonstrated the chemopreventive therapeutic value of TPL. TPL suppressed the expression of cytokines IL-6, IL-8, and TNF-α and repressed tumor growth, invasion, migration, and angiogenesis in co-inoculation of human tongue cancer cells with macrophage-like U937 cells.
Materials and methods

Cells and chemicals
Human tongue squamous cell carcinoma cell line SAS was provided by Dr. Jeng-Fan Lo [13] . The cell line U937 (histiocytic lymphoma) was obtained from the Bioresource Collection and Research Center, Taiwan (derived from the American Type Culture Collection). U937 cells (1 × 10 5 cells/mL) were differentiated to macrophage-like U937 cells by exposing them to 200 ng/mL of phorbol 12-myristate 13-acetate (PMA; Sigma, St. Louis, MO, USA). TPL (Calbiochem, San Diego, CA, USA; purity more than or equal to 95 % as determined using high-performance liquid chromatography) was dissolved in dimethyl sulfoxide as a 100-μM Fig. 1 Triptolide represses oral cancer cell proliferation in co-inoculation with macrophage-like U937. a Chemical structure of Triptolide (TPL). b SAS co-inoculated with PMA-treated U937 cells were treated with indicated concentrations of TPL and then subjected to a methylene blue dye assay for 24, 48 , and 72 h to analyze proliferation of cells. c In vivo, NOD/SCID mice bearing subcutaneous SAS co-inoculated with PMAtreated U937 cells were treated with PBS (n = 5), TPL (n = 5; 0.15 mg/kg/ day), and 5-FU (n = 3; 6 mg/kg/day). Mice bearing SAS cells were treated with PBS as the control (n = 5). The average tumor weight of each group was compared with that of the control (*P < 0.05 by Student's t test). d No significant change was observed in mice body weight compared with that of the control. e Diameters were measured twice a week for 45 days by using a Vernier caliper, and the tumor volume was calculated using the formula (L × W 2 )/2, where W is the shortest diameter and L is the longest diameter. Tumor volume compared with that of the control (*P < 0.05, data were analysis by one-way ANOVA). All data are expressed as mean ±S.E.M stock and added to cells at the indicated concentrations. 5-Fluorouracil (Sigma, F6627; purity more than or equal to 99 % as determined by high-performance liquid chromatography) was dissolved in phosphate buffer saline (PBS).
Coculture in noncontact transwell system
Noncontact coculture transwell cell culture system was developed to study the cross biological activity of SAS and macrophage-like U937 cells. We modified the previously study methods [14] . In brief, the noncontact cocultured cells were prepared as follows: SAS cells were plated on the bottom of a six-well transwell cell culture system (pore size 0.4 μm) by using the complete media and culture environment as described. The U937 cells were cultured onto the membrane of transwell cell culture inserts and allowed to grow overnight by PMA treatment. On the next day, the cells were washed with media, and the macrophage-like U937 cells cultured on membrane transwell insert were placed into the six-well plate cultures containing the SAS to initiate the experiment.
Growth inhibition assay
Cells in the logarithmic growth phase were cultured at a density of 1.5 × 10 5 cells/well in a 24-well plate. The cells were exposed to various concentrations of TPL for 48 h. A methylene blue dye assay was used to evaluate the effect of TPL on cell growth, as described previously [9] .
Invasion assay
SAS and U937 cells (2.5 × 10 4 /chamber) were used for each invasion assy. The invasion assay was performed using modified Boyden chambers covered with a polycarbonate nucleopore membrane (Corning, Corning, NY, USA). Precoated filters (6.5 mm in diameter, 8-μm pores, 35 μg of Matrigel/chamber) were rehydrated, and 2.5 × 10 4 cells in a medium were seeded into the upper part of each chamber. After 24 h of incubation, nonmigratory cells on the upper surface of the filter were wiped with a cotton swab, and migrated cells on the lower surface of the filter were fixed and stained with 0.125 % Commassie Blue in a methanol/acetic acid/water mixture (45:10:45, v/v/v). Random fields were counted under a light microscope.
Wound healing assay
After co-inoculation of SAS cells with U937 cells, equal numbers of SAS cells were replated at high densities in six-well plates and grown overnight until reaching confluence. The next day, the monolayer was wounded using a 200-μL pipette tip. The media were changed to remove debris, and the wound was imaged at 0 h, and again after 4, 8, and 12 h. The average percentage of wound healing was determined according to three measurements of the wound area. For the wound healing assay, SAS cells were treated with 10 nM TPL for 4, 8, and 12 h prior to wounding.
Vascular endothelial growth factor and cytokine analysis conducted using ELISA SAS and U937 cells (1.5 × 10 5 ) were grown in a complete RPMI medium (containing 10 % FBS) in triplicate for 2 days until they were 80-90 % confluent. After the cells were washed with an FBS-free medium, they were allowed to grow in a fresh RPMI medium containing 2 % FBS for 24 h. The medium was harvested and detected for human vascular endothelial growth factor (VEGF), IL-6, IL-8, and TNF-α by using ELISA kits (all eBioscience). The results were expressed as picogram per milliliter of the growth medium. The final concentrations of VEGF, IL-6, IL-8, and TNF-α were estimated by subtracting the obtained values from those of the control.
Quantitative real-time PCR
Total RNA was extracted from the cells by using TRIzol (Life Technologies). Five micrograms of RNA from each sample were then reverse-transcribed using Superscript III Reverse Transcriptase (Life Technologies). Real-time quantitative PCR (RT-qPCR) was performed using SYBR Green PCR Master Mix (Life Technologies) and an ABI 7500 Fast detection system (Life Technologies). The RT-qPCR primers used were as follows: MMP-9 forward, 5′-TCTTCCAGTACCGAGAGAAAG-3′; reverse, 5′-AGGATGTCATAGGTCACGTAG-3′; Ecadherin forward, 5′-ACA GCC CCG CCT TAT GAT T-3′; reverse, 5′-TCG GAA CCG CTT CCT TCA-3′; vimentin forward, 5′-AGTCCACTGAGTACCGGAGAC-3′; reverse, 5′-CATTTCACGCATCTGGCGTTC-3′); snail forward, 5′-CCC CAA TCG GAA GCC TAA CT-3′; reverse, 5′-GCT GGA AGG TAA ACT CTG GAT TAG A-3′; VEGF forward, 5′-G C T C TA C C T C C A C C AT G C C A -3 ′ ; r e v e r s e , 5 ′ -CACCACTTCGTGATGATTCTG-3′); IL-6 forward, 5′-CCT TCC AAA GAT GGC TGA AA-3′; reverse, 5′-CAG GGG TGG TTA TTG CAT CT-3′); IL-8 forward, 5′-ATG ACT TCC AAG CTG GCC GTG-3′; reverse, 5′-TCT CAG CCC TCT TCA AAA ACT-3′; TNF-α forward, 5′-AGG CGG TGC TTG TTC CTC A-3′; reverse, 5′-GTT CGA GAA GAT GAT CTG ACT GCC-3′; GAPDH forward, 5′-GGA AGG TGA AGG TCG GAG TCA-3′; reverse, 5′-GTC ATT GAT GGC AAC AAT ATC CAC T-3′.
Protein extraction and Western blot analysis
The cells were lysed directly in an RIPA buffer (Millipore) supplemented with protease and phosphatase inhibitors (Sigma). The relative protein concentration was determined using a BCA protein assay kit (Thermo Scientific). For each lane of 8 to 10 % SDS-PAGE gel, 50 μg of cell lysate protein was loaded, separated, and transferred onto a polyvinyldifluoride (PVDF) membrane (Millipore). The membranes were then probed using specific antibodies against Matrix metallopeptidase 9 (MMP-9) (Abcam, ab38898), E-cadherin (BD Biosciences, 610,181), vimentin (Abcam, ab92547), snail protein (Cell Signaling, #3879), and β-actin (BioVision, 3598-100).
Xenograft tumor model
Six-week-old NOD.CB17 Prkdcscid/J (National Laboratory Animal Center, Taiwan) mice were maintained in a microisolator in pathogen-free conditions. The mice were divided into four groups; each mouse in each group (n = 5; 5-FU, n = 3) was subcutaneously injected with 2 × 10 6 of both SAS and SAS cocultured with macrophage-like U937 cells. Three days later, the mice in each group were further treated with TPL (0.15 mg/kg/day) and 5-FU (12 mg/kg/day), and a vehicle control (PBS) was then separately administered to the groups through intraperitoneal (ip) injection. The size of the transplanted tumors was measured using gauged calipers twice a week, and the tumor volume was calculated using the following formula: volume (V) = 1/2 × (length × width 2 ). At the end of the treatment, the mice were sacrificed, and the tumors were removed, weighed, and photographed. The experiments were conducted in accordance with institutional guidelines and were approved by NDMC's Institutional Animal Care and Use Committee (approval number: IACUC-14-048).
Statistical analyses
All data were expressed as mean ± S.E.M. (standard error of the mean) of at least three determinations, unless otherwise stated. The differences between the two groups were determined using the Student's t test or one-way ANOVA.
Results
Triptolide represses oral cancer cell proliferation in co-inoculation with macrophage-like U937 cells, both in vitro and in vivo Tumor-associated macrophages induce the proliferation of cancer. We first tested whether TPL inhibited the growth of SAS cells co-inoculated with macrophage-like U937 cells. We then cocultured SAS cells with PMA-treated U937 cells in a noncontact system. After 24, 48, and 72 h, the growth was inhibited after treatment with various concentrations (0, 12.5, 25, 50, and 100 nM) of TPL, and the cell survival proportion was 100, 81.7, 50.3, 38.1, and 31.1 % at 24 h, respectively (Fig. 1b) .
To further assess the therapeutic effect of TPL in vivo, we established a xenograft tumor model in which SAS oral cancer cells were co-inoculated with PMA-treated U937 cells. Tumorbearing mice were randomly divided into four groups and treated with a vehicle (PBS) or TPL alone (0.15 mg/kg/day); 5-FU was used as the positive control (Fig. 1c) . SAS co-inoculated with PMA-treated U937 cell xenografts treated with TPL were weighed (0.46 ± 0.28 g) and compared with the control group (1.88 ± 0.21 g) (P = 0.0005; <0.05 vs control). Xenografts from the TPL-treated group decreased 75.79 % in weight (Fig. 1c) . The body weight of the mice was monitored at 3-day intervals throughout the experiment; the control group was 23.2 ± 2.2 g, and the treated group was 24 ± 0.9 g. No significant change in mouse body weight was observed compared with that of the control (Fig. 1d) . However, dynamically measuring tumor volume revealed that TPL exerted an inhibitory effect on xenografts of SAS co-inoculated with U937 cells (Fig. 1e) (P = 0.0200, 0.0066, 0.0063, 0.0068, 0.0078, 0.0032; <0.05 vs untreated control). These results revealed that TPL was effective against SAS co-inoculated with macrophage-like U937 cells both in vitro and in vivo.
Triptolide represses the invasive ability of oral cancer cells in co-inoculation with macrophage-like U937 cells
For the invasion assay, the upper parts of the transwells were coated with Matrigel. Adding TPL resulted in a reduction of approximately 80 % for the penetration of both SAS and PMA-treated U937 cells through a Matrigel-coated membrane compared with that of the control group (Fig. 2a) . Treatment with 0 and 10 nM TPL resulted in an SAS cell count of 100 and 17.5 ± 2.12 %, respectively (P = 0.0290; < 0.05 vs untreated control), and a PMA-treated U937 cell count of 100 % and 10.05 ± 4.75 %, respectively (P = 0.0144; < 0.05 vs untreated control) (Fig. 2a) . Western blot analysis revealed that MMP-9 was downregulated compared with that of the control group. In SAS cells treated with 0 and 10 nM TPL, MMP-9 protein expression levels were 100 and 87 ± 5.89 %, respectively ( Fig. 2B ; P = 0.0354; < 0.05 vs untreated control). In PMA-treated U937 cells treated with 0 and 10 nM TPL, MMP-9 protein expression levels were 100 and 59 ± 15.12 %, respectively ( Fig. 2b ; P = 0.0185; <0.05 vs untreated control). Total RNA was isolated, and RT-PCR analyses of MMP-9 were performed. GAPDH was used as an internal control for RT-PCR. In TPL-treated cells, MMP-9 expression exhibited a decrease of approximately 50 % compared with that of the control (Fig. 2c) . In SAS cells treated with 0 and 10 nM TPL, MMP-9 expression levels changed 145.24-and 88.07-fold, respectively ( Fig. 2c ; P = 0.0063; <0.05 vs untreated control). In PMA-treated U937 cells treated with 0 and 10 nM TPL, MMP-9 expression levels changed 28.56-and 1.82-fold, respectively ( Fig. 2c ; P = 0.0055; <0.05 vs untreated control).
Triptolide represses the migration ability of oral cancer cells in co-inoculation with macrophage-like U937 cells
For the wound healing assay, cells were incubated in a sixwell plate and treated with TPL for 4 h. Images of the wound were captured under ×100 magnification by using a microscope. Cell migration was significantly decreased by TPL treatment compared with that of the control group, and the wound was imaged at 0 h and again after 4, 8, and 12 h (Fig. 3a) . Western blot analysis revealed that E-cadherin was upregulated and vimentin was downregulated compared with those of the control group. In cells treated with 0 and 10 nM TPL, E-cadherin protein expression levels were 133 ± 4.32 and 100 %, respectively (P = 0.0004; <0.05 vs untreated control), whereas vimentin protein expression levels were 81.7 ± 5.19 and 100 %, respectively ( Fig. 3b ; P = 0.0075; <0.05 vs untreated control). GAPDH was used as an internal control for RT-PCR. Q-PCR revealed that compared with those of the control, E-cadherin exhibited 1.6-and 4.6-fold expression in cells treated with 0 and 10 nM TPL, respectively (P = 0.0076; <0.05 vs untreated control), whereas vimentin exhibited 653-and 120-fold expression in cells treated with 0 and 10 nM TPL, respectively (P = 0.0051; <0.05 vs untreated control) (Fig. 3b) . Snail protein was downregulated compared with that of the control group. In cells treated with 0 and 10 nM TPL, the expression levels of snail protein were 100 and 92.1 ± 1.54 %, respectively ( Fig. 3c ; P = 0.0020; <0.05 vs untreated control). Q-PCR revealed that compared with that of the control, snail protein exhibited 27.8-and 5.8-fold expression in the cells treated with 0 and 10 nM TPL, respectively ( Fig. 3c ; P = 0.0014; < 0.05 vs untreated control).
Triptolide represses the angiogenesis ability of oral cancer cells in co-inoculation with macrophage-like U937 cells
In co-inoculation with PMA-treated U937 cells, VEGF was downregulated in the TPL-treated group compared with that of the control group (co-inoculation U937 cells). In cells treated with 0 and 10 nM TPL, VEGF exhibited expression protein levels of 100 and 74 ± 8.48 %, respectively (Fig. 4a) . Total RNA was isolated, and RT-PCR analyses of VEGF were performed. GAPDH was used as an internal control for RT-PCR. We determined that VEGF was predominantly secreted by SAS cells (not by PMA- Triptolide represses cytokine expression in co-inoculation of SAS cells with macrophage-like U937 cells
Cytokines IL-6, IL-8, and TNF-α were abundantly secreted in the co-inoculation of SAS cells with PMA-treated U937 cells, but TPL repressed these cytokines according to the results of the ELISA (Fig. 5a ). In cells treated with 0 and 10 nM TPL, IL-6 concentrations were 557 and 282 pg/mL, respectively; IL-8 concentrations were 175 473 and 24 495 pg/mL, respectively; and TNF-α concentrations were 10 440 and 1316 pg/mL, respectively. According to the Q-PCR results, IL-6 was predominantly secreted by SAS cells, whereas IL-8 and TNF-α were predominantly secreted by PMA-treated U937 cells (Fig. 5b ). All these cytokines were repressed by TPL in contrast to the control. The Q-PCR results revealed that in cells treated with 0 and 10 nM TPL, IL-6 exhibited 60-and 10-fold expression, respectively, IL-8 exhibited 250 000-and 13 000-fold expression, respectively, and TNF-α exhibited 90 000-and 70 000-fold expression, respectively, compared with those of the control (SAS) (Fig. 5b ).
Discussion
Our previous study revealed that TPL can inhibit tumor growth by inducing apoptosis in cancer cells [9] . In the present study, we demonstrated that TPL can inhibit SAS cell growth in co-inoculated with macrophage-like U937 cells, in vitro and in vivo (Fig. 1) . A previous study demonstrated that PC-3 prostate cancer cells and U937 promonocytic cells enhanced tumor growth and increased tumor angiogenesis [15] ; they determined that IL-4 was a crucial cytokine regulating the differentiation of monocytes and macrophages into TAMs in prostate cancer cells. Stimulating U937 cells with IL-4 resulted in an increase in tumor growth in vivo and stimulated angiogenesis within the tumor bed. A study revealed that MMPs play a key role for tumor growth, progression, metastasis, and angiogenesis [16] . Both MMP-2 and MMP-9 are mainly involved in tumor metastasis. can reduce invasiveness by directly lowering MMP-9 gene expression and activity [17] . Here, we demonstrated that TPL inhibited not only the invasive ability of SAS cells but also the invasive ability of macrophage-like U937 cells in coinoculation (Fig. 2a) . Both protein (Fig. 2b) and gene ( Fig. 2c) expressions were downregulated by TPL (10 nM) treatment for 24 and 48 h. In ovarian cancer cells SKOV3 and A2780, TPL (15 nM) inhibited cell migration but enhanced E-cadherin expression in tumors in a dose-dependent manner [18] . In the present study, we demonstrated that TPL inhibited the migratory ability of SAS cells in co-inoculation with macrophage-like U937 cells (Fig. 3a) . E-cadherin was upregulated and vimentin was downregulated after TPL treatment of SAS cells (Fig. 3b) . Snail protein was also downregulated after TPL treatment of SAS cells (Fig. 3c) . These epithelium-mesenchymal transition-related proteins were modulated by TPL treatment and exhibited consistent tumorigenicity.
VEGF is a signal protein produced by cells that stimulates angiogenesis. In pancreatic cancer cells (PANC-1), TPL decreased the expression of VEGF both in vitro and in vivo in a time-and concentration-dependent manner [19] . We determined that VEGF increased substantially in a culture medium, and TPL decreased VEGF levels in co-inoculation with macrophage-like U937 cells (Fig. 4a) . We also demonstrated that VEGF was predominantly secreted by SAS cells (not by macrophage-like U937 cells), according to the Q-PCR results (Fig. 4b) .
Cancer cells produce several cytokines that act on the surrounding interstitial cells, which can build a microenvironment for the growth and metastasis of cancer cells. We determined that cytokines IL-6, IL-8, and TNF-α were abundantly secreted in the co-inoculation of SAS cells with macrophage-like U937 cells, as detected using an ELISA (Fig. 5a) . The Q-PCR results demonstrate that IL-6 was predominantly secreted by SAS cells (not by macrophage-like U937 cells) (Fig. 5b) . IL-6 is a cytokine secreted by T cells and macrophages to stimulate immune response, but elevated expression of IL-6 has been detected in multiple tumors [20] . Many studies have reported a high concentration of IL-6 in the serum of patients with head and neck cancer and have associated high IL-6 levels with a poor prognosis [21, 22] . These results have suggested that IL-6 is likely to invade and metastasize, as well as promote immune unresponsiveness (Figs. 2 and 3) .
The Q-PCR results also demonstrate that IL-8 was predominantly secreted by macrophage-like U937 cells (not by SAS cells) (Fig. 5b) . IL-8 is a neutrophil chemotactic factor produced by macrophages and epithelial cells; it induces chemotaxis and phagocytosis in target cells and is a potent promoter of angiogenesis. IL-8 protein typically increases in the serum of cancer patients and affects the proliferation, migration, angiogenesis, and metastasis of cancer cells [20, 23, 24] Local IL-8 production is related to malignancies and tumor progression; thus, elevated IL-8 levels in serum are indicative of a malignant process. High IL-8 levels are typically observed in high-grade peritumoral fluids rather than in lowgrade tumors and benign conditions. Hence, IL-8 in peritumoral fluid must be considered when assessing tumor character and monitoring tumor progression or remission status.
In this study, TNF-α was predominantly secreted by macrophage-like U937 cells (not by SAS cells), according to the Q-PCR results (Fig. 5b) . TNF-α is the most critical proinflammatory cytokine involved in cell growth, differentiation, and apoptosis [25, 26] and has been reported to play a critical role in carcinogenesis [26] . Consistent with these reports, numerous studies have indicated that chronic inflammation and proinflammatory mediators including TNF-α might increase the risk of malignancy [27] .
TAMs have been implicated in promoting tumor growth and progression. Thus, macrophages are at the center of the invasion microenvironment and are a crucial drug target for cancer therapy [6] . Macrophages do not harbor malignant mutations and therefore exhibit a stable genome; thus, they are unlikely to develop drug resistance. This makes them an optimal target for cytostatic treatment of tumor progression to malignancy, using small molecule inhibitors of selected macrophage functions. Studying the signaling pathways that allow macrophages to contribute to tumor progression can lead to new insights into the evolution of the microenvironments supporting invasion and metastasis, thereby providing targets for anticancer therapies [6] .
This study indicates the potential anticancer role of TPL, a compound that exhibited antitumor effects in co-inoculation of human tongue cancer cells with macrophage-like U937 cells. Thus, TPL is a potential candidate among novel chemotherapeutic agents or adjuvants for modulating TAMs in a tumor microenvironment.
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